A series of 1 H-2, 3-benzoxazine derivatives were synthesized and their herbicidal activity against upland weeds and selectivity against crops were assessed. Studies of the structure-activity relationship revealed that the strongest herbicidal activity was achieved when position-4 in the benzoxazine ring was substituted with a 3-chloro-4-fluorophenyl or a 3-bromo-4-fluorophenyl group. The treated weeds showed a strong bleaching symptom. Among the compounds examined, 4-(3-chloro-4-fluorophenyl)-1 H-2, 3-benzoxazine (23) and 4-(3-bromo-4-fluorophenyl)-6-fluoro-1 H-2, 3-benzoxazine (34), applied at 1. 0 kg a. i./ha, showed strong pre-emergence herbicidal activity against upland weeds such as Echinochloa crus-galli and Digitaria ciliaris without affecting soybean.
INTRODUCTION
We have reported1 4 the structure-activity relationship of fungicidal or acaricidal benzohydroximoyl derivatives (Ia) designed by replacing the carbamoyl moiety of known fungicidal methoxyiminoacetamide derivatives (Ib)5, 6) with heterocycles (Het.) or a benzene ring. In continuing our work, we designed 1 H-2, 3-benzoxazines (II) which have the essential elements for the activity, that is, a methoxyimino moiety and ortho substitution (Fig. 1 ). The preparation of 1 H-2, 3-benzoxazines was reported by Barnish and Hauser in 1968, with further development by Pifferi et a1. 8,9) However, little has been reported on the biological activity of benzoxazines.
We synthesized 1 H-2, 3-benzoxazine derivatives (II) and assessed their various biological activities. They displayed potent herbicidal activity, which prompted us to synthesize a series of 1 H-2, 3-benzoxazine derivatives with various substituents (R1 on the oxazine ring and/or R3 on the benzene ring) to find the optimal structure for potent herbicidal activity. From the viewpoint of global marketability, we focused the upland weed control on assessing the activities.
MATERIALS AND METHODS

Instrumental Analysis
Melting points were measured with a Buchi 535 melting point apparatus, and the values are given uncorrected. Refractive indexes were measured with an Atago Abbe-refractometer. IR spectra were taken on a JASCO FT/IR-300E spectrophotometer using a potassium bromide disk. 1H NMR spectra were recorded on a JEOL JNM-GSX 270 spectrometer at 270 MHz using tetramethylsilane (TMS) as an internal standard.
Synthesis of Compounds
1 H-2, 3-Benzoxazines II were prepared as outlined in Fig. 2 . 2-(Hydroxyiminomethyl)benzyl alcohols IV were prepared by oximation of the ketones III (Method A). Oximation and subsequent deprotection in situ of III with hydroxylamine hydrochloride and pyridine in methanol gave the desired IV. 2-(Acetoxymethyl)benzenes VI were prepared by bromination of the 2-acyltoluenes V followed by esterification. Alcohols IV were prepared by oximation of the 2-(acetoxymethyl) benzenes VI followed by deacetylation (Method B). Geometrical configurational assignments of the oxime moiety were confirmed by 1H NMR chemical shifts of both methylene protons of ortho hydroxymethyl moiety (CH2OH) of the E-and Z-isomers. The methylene protons of the E-isomers (trans to oxime moiety) resonate in a lower magnetic field than those of the Z-isomers (cis to oxime moiety). 4) Alcohols IV were cyclodehydrated to construct their benzoxazines II by acid-catalyzed intramolecular Mitsunobu reaction. This reaction depended on the geometry of the hydroxyimino moiety in the reaction precursor IV (Zisomers). 10) A typical synthetic procedure is described below. 2. 1 4'-Fluoro-2-(2-tetrahydropyranyloxymethyl) 3'-tnfluoromethylbenzophenone: III (R1=3-CF3-4-F C6H3, R3=H) To a mixture of magnesium (0.73g, 30mmol), bromoethane (0.05ml) and tetrahydrofuran (3ml) was added a solution of 1-bromo-2-(2-tetrahydropyranyloxymethyl)benzene (5.42g, 20 mmol) in tetrahydrofuran (17ml) at 45 to 55C under a nitrogen atmosphere, and the mixture was stirred at 50 to 55C for 1hr to prepare 2-(2-tetrahydropyranyloxymethyl)phenyl magnesium bromide.
The Grignard reagent was added dropwise to a solution of 4-fluoro-N-methoxy-N-methyl-3-trifluoromethylbenzamide (2.55g, 10 mmol) in tetrahydrofuran (10ml) below -50C over 20min, and the mixture was stirred at -50C to room temperature for 1. 5 hr. The reaction mixture was poured into ice-cold water (100ml) and saturated aqueous ammonium chloride solution (50ml), followed by extraction with ethyl ether (150ml). The organic layer was washed with brine (150ml), dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate/hexane) to give 3. 53 g (92%) of 4'-fluoro-2-(2-tetrahydropyranyloxy- Diethyl azodicarboxylate (DEAD; 0.31ml, 2.0 mmol) was added to a mixture of IV (R1=3-C F3-4-F-C6H3, R3=H; 0.31g, 1.0 mmol), 4-nitrophenol (0. 04 g, 0. 3 mmol), triphenylphosphine (0.39g, 1.5 mmol) and tetrahydrofuran (3ml) in an ice bath, and the mixture was stirred at room temperature for 3 hr. The reaction mixture was poured into toluene (100ml) and washed with 0. 1 N sodium hydroxide (80ml). The organic layer was washed with brine (80ml), dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate/hexane) to give 0. 21 g (71%) of compound 27. The product was recrystallized from ethyl acetate and hexane to give colorless prisms, mp 145-146C. Anal. V (R1=3-Cl-4-F C6H3, R3=5-Cl) To a mixture of magnesium (1. 46g, 60 mmol), bromoethane (0.1ml) and tetrahydrofuran (3ml) was added a solution of 2-bromo-4-chlorotoluene (8.22g, 40 mmol) in tetrahydrofuran (37ml) at 45 to 55C under a nitrogen atmosphere, and the mixture was stirred at 50 to 55C for 0.5 hr to prepare 5-chloro-2-methylphenyl magnesium bromide.
The Grignard reagent was added dropwise to a solu- below -40C over 20 min, and the mixture was stirred at -40C to room temperature for 1 hr. The reaction mixture was poured into ice-cold water (100ml) and saturated aqueous ammonium chloride solution (100 ml), followed by extraction with ethyl ether (250ml A mixture of V (R1= 3-C1-4-F-C6H3, R3=5-Cl; 5.10g, 18 mmol), N-bromosuccinimide (3.52g, 19.8 mmol), 2, 2'-azobis(isobutyronitrile) (0.30g, 1.8 mmol) and benzene (36ml) was heated under reflux with stirring for 0.5 hr. After cooling, the mixture was filtered to remove the precipitate. The filtrate was concentrated under reduced pressure to give crude 2-bromomethyl-3', 5-dichloro-4'-fluorobenzophenone.
Potassium acetate (3.53g, 36mmol) was added to a mixture of crude 2-bromomethyl-3' 5-dichloro-4'-fluorobenzophenone and N, N-dimethylformamide (36 ml) in an ice-bath, and the mixture was stirred at room temperature for 2 hr. The reaction mixture was poured into ethyl ether (200ml) and washed with brine (150 ml X 2). The organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure, and the residue was purified by silica gel column chromatography (ethyl acetate/hexane) to give 4. A mixture of VII (R1=3-C1-4-F-C6H3, R3=5-Cl; 2. 14 g, 6 mmol) and 40% methylamine methanol solution (12 ml) was stirred at 40C for 1 hr. The reaction mixture was poured into ethyl ether (200ml) and washed with brine (150ml X 2). The organic layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate and hexane to give 1. 24 g (66%) of (Z)-3', 5-dichloro-4'-fluoro-2-hydroxymethylbenzophenone oxime (IV; R1=3-C1-4-F-C6H3, R3=5-Cl) as colorless crystals, mp 132-133C. 1H NMR (CDC13) 8 ppm: 2.08 (1 H, brs), 4.47 (2H, s), 7.07-7.14 (2H, m), 7.27-7.32 (1H, m), 7.48 (1H, dd, J=8.2, 2.1 Hz), 7.55-7.60 (2H, m), 7. 70  (1 H, s) . DEAD (0.47ml, 3.0 mmol) was added to a mixture of IV (R1=3-C1-4-F-C6H3, R3=5-Cl; 0.47 g, 1.5 mmol), 4-nitrophenol (0.06g, 0.4mmol), triphenylphosphine (0.59g, 2.25mmol) and tetrahydrofuran (4.5ml) in an ice bath, and the mixture was stirred at room temperature for 2 hr. The reaction mixture was poured into toluene (100ml) and washed with 0.1 N sodium hydroxide (80 ml). The organic layer was washed with brine (80ml), dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate/hexane) to give 0.40g (90%) of compound 31. The product was recrystallized from ethyl acetate and hexane to give colorless needles, mp 112. 5 
Herbicidal Tests
Seeds of upland weeds, Echinochloa crus-galli, Digitaria ciliaris, Polygonum lapathifolium and Amaranthus viridis, and wheat ( Triticum aestivum cv. Nohrin-61), soybean (Glycine max cv. Tamahomare) and cotton ( Gossypium hirsutum cv. Hakushuu) were sown in square plastic pots containing loam and covered with soil. Each test compound solution was sprayed onto the soil surface with a volume of 1000 1/ha. The dosages of the compounds were 1. 0 and 2. 0 kg a. i. /ha, with Tween 20 (obtained from nacalai tesque) at a concentration of 100 ppm as a spreader. The treated pots were maintained at 25C in a greenhouse. Four weeks later, the herbicidal activity of the compounds against each weed and their selectivity toward the crops were evaluated.
The herbicidal rating score based on visual observation, ranged from 0 to 10; zero represented no significant effect on seedling growth and 10 represented seedling death.
RESULTS AND DISCUSSION
Herbicidal Activity of Benzoxazine Derivatives
The physical properties of the synthesized compounds and their herbicidal activity against upland weeds are listed in Tables 1 through 4. 1. 1 Effects of substituents (R1) on the oxazine ring Table 1 shows the effects of substituent (R1) on the position-4 of benzoxazines on herbicidal activity. Among the phenyl derivatives (1-3) , the 3-chlorophenyl derivative (2) was the most active, with 4-chlorophenyl (3) and 2-chlorophenyl (1) derivatives being less active or inactive. Among the heterocycle derivatives (4-8), the 2-chloro-4-pyridyl derivative (4) was the most active, followed by the 5-chloro-2-thienyl derivative (5). Other heterocycle derivatives (6-8) were inactive. Among the compounds, the 3-chlorophenyl derivative (2) exhibited the strongest herbicidal activity against E, crus-gaii and D. ciliaris, which prompted us to structurally modify the phenyl moiety of compound 2. Table 2 shows the effects of various substituents (X) on the phenyl moiety of 4-(phenyl)-1 H-2, 3-benzoxazines on the herbicidal activity against E. crus-gaii and D. charis. Among compounds with a substituent at position-3 of the phenyl ring (2, 10-18), the chloro (2) and bromo (11) derivatives were the most active, followed by the trifluoromethyl derivative (15). Hydrogen (9), methoxy (14) and hydroxy (16) derivatives showed reduced herbicidal activity. The activity decreased in the order of C1(2), Br (11)>CF3 (15)>I (12), NO2 (17), Me (13)> F (10), CN (18)>H (14), OMe (14), OH (16). These findings suggested that the presence of an electronwithdrawing group as well as the hydrophobic effect of the substituent at position-3 on the phenyl moiety were responsible for increasing herbicidal activity. Table 1 a) Activity scores and abbreviations, see Table 1 . Table 3 4-(Disubstituted phenyl)-1H-2, 3-benzoxazines and their herbicidal activity against upland weeds.
a> Activity scores and abbreviations, see Table 1 . Table 3 shows the effects of di-substituents (X and Y) on the phenyl moiety of 4-phenyl-1 H-2, 3-benzoxazines on the herbicidal activity against E, crus-galli and D. ciliaris. Among compounds with a chlorine atom at position-3 (X=Cl) of the phenyl ring (2, (19) (20) (21) (22) (23) , the 4-fluoro derivative (23) was the most active, followed by the hydrogen (2) and 4-chloro (20) derivatives. On the other hand, the 2-chloro (19), 5-chloro (21) and 6-chloro (22) derivatives were inactive. These results indicate that the introduction of a chlorine atom at position-2, -5 or -6 was not favorable for the activity. One possible explanation is that the phenyl ring may not take a suitable conformation for exhibiting activity predictably due to steric factor by the substituent at position-2, -5 or -6. The 4-fluoro-3-substituted phenyl derivatives (23, 25-27) were more active than the corresponding 3-substituted phenyl derivatives (2, 10, 11 and 15) . When the fluorine and chlorine atoms at position-4 and -3 of 23 were changed to position-3 and -4, respectively (24; X=F, Y= 4-Cl), the herbicidal activity was reduced. These results suggested that the physicochemical characteristics or electronic influence of the fluorine atom at position-4 might lead to enhancement of the activity, but no definitive explanation for this observation is yet available, ll) 1. 2 Effects of substituents (R3) on the benzene ring Table 4 shows the effects of various substituents (R3) on the benzoxazine ring of 4-(4-fluoro-3-substituted phenyl)-1 H-2, 3-benzoxazines on the herbicidal activity against E. crus-galli and D. ciliaris. Among the 3-chloro-4-fluorophenyl derivatives (23, 28-33), the hydrogen derivative (23) was the most active, followed by the 6-chloro (31) derivative. Introduction of a substituent at position-6,-7 or -8 (28-33) did not increase the activity when compared with the unsubstituted derivative (23). Among the 3-bromo-4-fluorophenyl derivatives (26, 34 and 35), hydrogen (26) and 6-fluoro (34) derivatives were the most active. Based on the herbicidal activity of the benzoxazine derivatives tested in a preliminary evaluation, compounds 23 and 34 were selected for further evaluation.
Herbicidal Activity of Selected Compounds
The herbicidal activity and selectivity of selected compounds are shown in Table 5 . Compound 23, given at 1.0kg a. i./ha, exhibited excellent herbicidal activity against weeds such as E. crus-galli, D. ciliaris and P. lapathifolium without injury to soybean and cotton. Compound 34, at 2.0kg a. i. /ha, demonstrated excellent herbicidal activity against E. crus-galli, D. ciliaris and A. viridis without injury to soybean and cotton. These herbicidal activities against the weeds tested were superior to that of the reference compound, ioxynil octanoate, suggesting their utility as candidates for pre-emergence herbicides. However, herbicidal activity and crop selectivity of the benzoxazine derivatives by post-emergence Table 4 Substituted 4-(disubstituted phenyl)-1 H-2, 3-benzoxazines and their herbicidal activity against upland weeds. a) Activity scores arid abbreviations, see Table 1 . application was inferior to pre-emergence application. Herbicidal activity of the benzoxazine derivatives against paddy plants were examined. Compound 30, 31 and 34, given at 0. 25-1. 0 kg a. i. /ha, exhibited good pre and post-emergence herbicidal activity against weeds such as Echinochloa oryzicola, Monochoria vaginalis, and Scirpus juncoides without injury to rice (unpublished). The weeds treated with compound 23 or 34 showed typical symptoms of a bleaching herbicide, exemplified by diflufenican and norflurazon, which prevents the formation of colored carotenoids. 12) A low level of carotenoids in the chloroplasts decreases the capacity of quenching excess energy, which leads to chloroplast destruction, lipid peroxidation and membrane breakdown, and finally plant death with the bleaching symptom. 13) However, at present, it is not known whether the same mechanism occurs with the benzoxazine derivatives.
In conclusion, the 4-(substituted phenyl)-1 H-2, 3-benzoxazine derivatives, which comprise a promising new class of pre-emergence herbicides, express potent herbicidal activity against a wide range of weeds, causing bleaching symptoms but minimal damage to crops.
